and extending the network obtained using the differentially expressed proteins we found a correlation between Hsp70 and the NF-ĸB complex. A key driver of the SHH-MB is cMET whose downstream proliferation/survival signalling is indeed via PI3K/Akt/NF-κB. We confirmed the results of the proteomic analysis by western blot, underlining that P-p65/NF-ĸB activatory complex is highly expressed in SLCs. Taken together these results define new protein feature of SHH-MB SLCs.
Please note that technical editing may introduce minor changes to the text and/or graphics, which may alter content. The journal's standard Terms & Conditions and the Ethical guidelines still apply. In no event shall the Royal Society of Chemistry be held responsible for any errors or omissions in this Accepted Manuscript or any consequences arising from the use of any information it contains.
Accepted Manuscript

Molecular BioSystems
www.rsc.org/molecularbiosystems . The heterogeneity of MB subgroups parallels their recently identified distinct cells of origin, whose aberrant development is responsible for tumorigenesis 7, 12 .
In normal development, Hedgehog (HH) functions as a morphogen to induce cell identities in the ventral spinal cord and as a mitogen to drive proliferation of granule neural precursors (GNP) 12 , a neuronal cell population that undergoes proliferation in the external granule layer (EGL) followed by migration in the internal granule layer (IGL) and differentiation into mature granules during cerebellar development 13 . Activation of the SHH pathway starts with the interaction of the ligand with the inhibitory receptor Patched1 (Ptch1), which causes the depression of the transmembrane transducer Smoothened (Smo). Following ligand/receptor interaction, Smo migrates to the top of the cilium, a microtubule based organelle, and triggers a series of intracellular events that terminates with the activation of the Gli transcription factors (Gli1, Gli2 and Gli3).
The transcriptional targets regulated by SHH/Gli pathway have been in part elucidated and include genes involved in key cellular processes such as cell cycle, survival, migration and metabolism 14 .
HH abnormal activation in GNP leads to the development of one of the four MB subtypes, SHH-MB 15 . SHH-MBs are the most common MB type in infants and adults, whereas in children other subgroups are more frequent 11 . SHH-MBs in infants, children, and adults differ in transcriptome, methylome, and in number and type of mutations constituting a very heterogeneous group of tumors 16 . A very recent study showed that SHH-MBs with tumor relapse and poor survival are characterized by active MET kinase signaling 17 .
Stem cells or cancer stem-like cells (SLCs) represent a fraction of the tumor cell population which are not only the progenitors that give rise to MB 12 and sustain cancer growth, but have also been associated with poor prognosis in several kinds of tumors 18, 19 by driving both resistance to therapy and disease relapse 12, 20 . Molecular characterization of human malignant brain tumors, and in particular SLCs, has identified a broad spectrum of genes and molecular mechanisms inhibiting neuronal and glial differentiation 21 .
We previously described SLCs derived from human SHH-MBs
22
. Since a thorough understanding of the molecular pathways sustaining MB SLCs is mandatory to design novel specific therapeutic strategies, we decided to investigate proteome features of SHH-MB SLCs and their retinoic acid (RA) differentiated counterparts applying a novel label-free quantitative proteomic analysis based on a double stage approach to maximize the identification capacities of the statistically differential spectral features.
Such a technological workflow is different from the already employed data-independent differential profiling well assessed and described 23, 24 . In fact the two steps allow the increase of the identification capability of MS/MS data by applying a data dependent acquisition approach on a limited number of significant spectral features.
RESULTS
Label free differential proteomics of SHH-MBs SLCs
Initial studies were performed to evaluate whether the SLCs could be differentiated through the use of RA treatment. After 48 h of treatment, we were able to detect the presence of neuronal and glial markers β3-Tubulin and Glial Fibrillary Acidic Protein (GFAP) respectively. Protein expression of these markers was confirmed both through western blot and immunofluorescence (Fig. 1A, 1B ).
The statistical analysis on the molecular features (accurate mass / retention time pairs)
extracted from 4 instrumental replicates per condition, returned 518 significantly different target signals at p < 0.05 out of 944 total reproducible spectral features included in the statistical evaluation. As shown in the volcano plot in Fig. 2A and Table   S1 they result evenly distributed between up and down regulated.
Two untargeted MS/MS acquisitions were imported in ProteinScape together with the Scheduled Precursor List (SPL) acquisitions and the quantitation tables. Database search was performed and the results were merged in a single virtual sample.
Proteins whose expression in RA-treated cells versus SLCs was more than 1.2 times or less than 0.8 fold regulated and that showed a p < 0.05 in the difference on the single peptide resulted 68 and they were considered for further processing (Table S2 ). Data quality was evaluated by checking the analytical performances on the experimental dataset. In Fig. 2B and 2C are reported the distribution of the 'deviation from predicted mass' at 90% confidence in ppm (RMS90) of accepted identifications (blue) paired to the identifications that were not accepted (red) and the distribution of the Mascot score for protein identification (accepted in blue and not accepted in red). FDR was set to be less than 1 % from the Mascot search engine.
A manual and preliminary inspection of the protein data set confirmed some known evidences and therefore the consistency of the label free shotgun analysis. For example GFAP_HUMAN which is an accepted marker of differentiation was only present in RA-treated cells and G3P_HUMAN Glyceraldehyde 3-Phosphate Dehydrogenase (GAPDH) which is known not to vary with differentiation resulted not modulated.
Identification of Protein networks associated with SHH-MBs SLCs
The identified proteins differentially expressed in SHH-MB SLC before and after RAtreatment were used for enrichment analysis. Tools available at Webgestalt were exploited to obtain biological insights from the list. The KEGG enrichment analysis returned metabolic pathway (hsa01100; adjP=4.52×10 -11 ), protein processing in endoplasmic reticulum pathway (hsa04141; adjP=3.86×10 -13 ) and glycolysis/gluconeogenesis pathways (hsa00010; adjP=2.25×10 -8 ) among the most significantly represented (Table S3 ). In (Table 1) .
Furthermore, highly significant networks resulted from IPA analysis ( table 2) showed NF-ĸB complex and p53 as pivotal players. We selected the potential biological pathway associated to Hedgehog driven cancers and to stemness networks.
In order to endorse the IPA analysis, we generated a network using Genomatix Pathway System (GePS), including differentially expressed proteins as input (Fig. S4 ). To better evaluate the connections among pathways highlighted by IPA analysis, we included transcriptional downstream targets of differentially expressed proteins in the network.
Since tumor cells are cells stressed by a series of stimuli such as hypoxia and oxidative stress we focused our attention on Heat Shock Protein 70 (Hsp70) that resulted over expressed in SLCs. Analysing the network reported in Fig. 3 we noticed that Hsp70 is connected to Akt rather than p53. However, being Akt an upstream regulator of NF-ĸB, which is a hub protein in the second significantly represented network, we decided to further investigate this important complex. Therefore we performed validation experiments by western blot.
Agreement of differential profiling between commercial antibodies and MS data
To evaluate the agreement of the potential results achievable with commercial nonqualified affinity reagents and the specific differential MS analysis, we selected some biologically relevant proteins and by means of western blot analysis, we evaluated their abundance in SHH-SLCs and after differentiation (Fig. 4) . The results confirm a good agreement between the two methodologies.
Among the functional network derived from IPA analysis, we deeply analysed the one connected with the cell death of cancer cells and we found that hub proteins in this network are mitogen-activated protein kinase P38 and NF-ĸB.
P-p65/NF-ĸB activatory complex are highly expressed in SHH-MBs SLCs
Since NF-ĸB was one of the central nodes in the network analysis, we further investigated proteins of the NF-ĸB pathway by western blot (Fig. 5) . We firstly analyzed IKBα, the principal inhibitory protein of the NF-ĸB complex, whose phosphorylation results in ubiquitination, dissociation of IKBα from NF-ĸB, and eventual degradation of IKBα by the proteosome followed by nuclear translocation of the activated NF-ĸB. We found that IKBα was significantly increased after RA-induced differentiation (Fig. 5) . Conversely phosphorylated p65 (P-p65), one of the functional subunit of the NF-ĸB complex, was highly expressed in SHH-MB SLCs (Fig. 5 ) while no change was observed in the expression of total p65 (Fig. 5) . These results define an activation of the NF-ĸB pathway in SLCs and its inhibition after differentiation.
DISCUSSION
In this study we focused on the proteomic pattern of SHH-MB SLCs and their RAdifferentiated counterparts. To perform a differential analysis of the protein repertoire of stem versus RA-treated differentiated MB cells a novel Label Free Differential
Proteomics workflow based on the detection of the molecular features was employed.
MB is an aggressive brain tumor 25 , which has been stratified into four subgroups 3 .
Among them, we focused on the SHH-driven MB which is a Hedgehog driven tumor 26 and also represents a high percentage of MB with a bimodal age distribution in infant (less than 3 years old) and adult population 27 . The main purpose of this study was to From a total of 994 profiled buckets before and after RA-induced differentiation, we have specifically targeted 554 spectral features from which we identified 68 proteins with significantly altered expression (Table S1 and S2). We provide evidence of a good agreement between MS analysis and western blotting ( Among the proteins differentially expressed in SLCs we further investigate Hsp70 (Table S2 and Fig. 4 ) since it is known to correlate with poor prognosis in many cancers, chemotherapy resistance and tumor invasion 28 . Hsp70 is a molecular chaperone, member of the heat shock proteins family 29 , whose production is low or undetectable in unstressed, healthy cells, but strongly increased upon a variety of stresses 28 , such as free radicals, hypoxia as well as high levels of mutant proteins, which are highly present in the tumor microenvironment 30 . Furthermore, higher expression of Hsp70 has been reported in large cells MBs compared to classic MBs, and were associated with worse prognosis 31 . On the basis of our IPA (Fig. 3 ) and Genomatix analysis (Fig. S4) , we found that one of the central regulatory molecules in our network was NF-ĸB. NF-ĸB complex is a family of closely related transcription factors involved in the regulation of a wide variety of biological responses, such as immune response and inflammation, cell proliferation and survival and growing evidences also support a major role in oncogenesis 32 . By means of western blot analysis we showed that IKB-α, the NF-ĸB complex main inhibitor, and P-p65, one of the NF-ĸB functional subunit, were respectively up and down regulated after RA-induced differentiation (Fig. 5) , underlining a role of this pathway in SHH-MB SLCs.
Incidentally, a recent study has documented that Foretinib, an orally available multikinase inhibitor, had a dramatic therapeutic effect in SHH-MB, both in vitro and in vivo 17 . 34 , we hypothesize that Hsp70 could be involved in the biological network maintaining SHH-MB SLCs (Fig. 6 ).
Taken together, our proteomics results define the human SHH-MB SLCs proteins and signalling networks suggesting new key biological players involved in the process of malignancy transmutation.
EXPERIMENTAL PROCEDURES Materials
Unless otherwise indicated, media and supplements were purchased from GibcoInvitrogen (Carlsbad, CA) and chemicals were purchased from Sigma-Aldrich (St Louis, MO).
Culture of SHH SLCs
Human infant (less than 3 years old children) medulloblastoma samples (MB) were collected during surgical resection with the approval of institutional review board as described earlier 35 . Tissues were collected in Hank's Balanced Salt Solution (HBSS) supplemented with 0.5% glucose and penicillin-streptomycin, grossly triturated with serological pipette and treated with DNAse I to a final concentration of 0.04% for 20
min. Subsequently, cell aggregates were mechanically disrupted using pipettes of decreasing bore size to obtain a single cell suspension. After dissociation and centrifugation, cells were cultured as neurospheres in selective medium, DMEM/F12 supplemented with 0.6% glucose, 60 mg/mL N-acetyl-L-cysteine, 2 mg/mL heparin, 20 ng/mL NGF, 20 ng/mL bFGF (Peprotech, Rocky Hill, NJ), 1x penicillin-streptomycin and B27 supplement without vitamin A.
For differentiation studies, neurospheres were mechanically dissociated and plated on D-poly-Lysine coated dishes in differentiation medium (DMEM/F12 with N2 supplement and 2 mg/mL heparin, 0.6% glucose, 60 mg/mL N-acetyl-L-cysteine, containing 1% fetal bovine serum and RA 8 µM) for 48 h. All samples were prepared in 3 biological replicates for each point.
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Protein extraction and digestion
Cells were lysed in Tris-HCl pH 7.6, 50 mM, NaCl 150 mM, EDTA 1 mM, Triton X-100 1% and a protease inhibitors cocktail (SIGMA P8340). Extracted proteins were precipitated in 80% Acetone, ON at -20°C.
Washed protein pellets were subsequently resuspended in a denaturing solution (6M Urea in 100mM Tris -HCl pH 7.8) compatible with trypsin digestion that was conducted as previously described 23 .
Label Free Data Dependent shotgun proteomics analysis
The samples were diluted with an aqueous solution of 0.1% FA, 3% CH 3 In order to identify significant up-or down-regulation the differentially expressed proteins data set was filtered to a threshold of ± 20%, hence 1.2-fold, which is typically 2 times higher than the estimated error on the intensity measurement.
Bioinformatics and statistical analysis
The Gene Ontology, the KEGG pathway, the Wikipathway and the disease association enrichment analyses were carried out using the Webgestalt online tools Western blot densitometry data were expressed as mean ± S.E.M. of at least three independent experiments, each performed in triplicate. Student t test was performed to evaluate the significance of the differences and experimental data elaborated by means of the GraphPad Prism 5 software (GraphPad Software for Science, San Diego).
Immunochemical Analysis
Cells were lysed in Tris-HCl pH 7.6, 50 mM, deoxycholic acid sodium salt 0.5%, NaCl 140 mM, NP40 1%, EDTA 5 mM, NaF 100 mM, Na pyrophosphate 2 mM and protease inhibitors. For phospho p65, 2 mM Na orthovanadate and 5 mM Na butyrate were also added. Lysates were separated on 8% or 10% acrylamide gel and immunoblotted using Hsp70 induces Akt, which acts as an upstream regulator of NF-κB complex (classical pathway), leading to p65 phosphorylation and its nuclear translocation and resulting in the deregulation of proliferation and survival.
